INTRODUCTION
Atopic march (AM) is the progression from atopic dermatitis (AD) to allergic rhinitis and asthma. The development of AD is as high as 20% of children worldwide and continues to increase 1 . AD seems to be caused by both genetic and environmental factors, and is correlated with a family history of allergic disease 2 . AD, asthma, and allergic rhinitis share an immune response that includes T helper type 2 (Th2) cell-mediated cellular components and serum immunoglobulin (Ig)E levels associated with allergic inflammation 3 . Whole exome sequencing (WES) has recently been used to successfully identify causal variants by filtering big data in cancer and Mendelian and rare disorders 4 . Common and complex diseases often have strong heritable components, and the identification of genetic variants in complex disorders is crucial to understanding their evolutionary background 5, 6 .
Thymic stromal lymphopoietin (TSLP) is an important prime protein which is involved in the development of allergic asthma and rhinitis. The expression of TSLP mRNA is higher in human bronchial epithelial cells and primary skin keratinocytes compared with control subjects. The differentiation of naïve T cells into Th2 cells is promoted by TSLP, which also supports the maturation of antigen-presenting cells. These factors are thought to be pathogenic in allergic diseases. Overexpression of transgenic murine TSLP in keratinocytes developed a spontaneous AD-like phenotype 7 . However, the distribution of TSLP polymorphisms in Koreans with AD or progressing in AM is not known. In this study, we observed polymorphisms of TSLP in Koreans with AD or AM using WES.
MATERIALS AND METHODS

Patients
This study included a control group of 20 subjects with only AD and AM patients for exome sequencing. AD patients who were adults with an onset age older than 18 years were recruited. Because these adult-onset patients did not have long-term follow-up since childhood, the presence of early-onset of AD relied on their family and patients' memory. The development of AD in adulthood significantly reduces the probability of the occurrence of asthma and allergic rhinitis compared to early-onset AD in infancy 13 . 
Statistical analysis
Using logistic regression analysis, crude odds ratios (ORs), and 95% confidence intervals (CIs), associations between AM and AD with the SNPs under investigation were calculated. Pairwise Linkage disequilibrium was calculated as D'/LOD and r 2 , and Hardy-Weinberg Equilibrium and case-control association test were examined using Haploview software version 4.2 (http://www.broad.mit. edu/mpg/haploview/) 14 .
RESULTS
This study included a control group of 20 subjects with only AD (27.1±8.6 years old) and AM patients (24.9±6.0 years old) for exome sequencing. The clinical phenotype of the 20 recruited AM patients included 19 with AD and allergic rhinitis and one with AD and asthma. The AD control and AM groups did not differ significantly in age or blood eosinophil count. Serum total IgE levels were two times higher in the AM group than in AD controls (Supplementary Table 2 ). We detected a total of nine SNPs of TSLP in the Korean Table 3 ). Variant risk factors for AM were estimated with ORs and 95% CIs. Individually, none of the nine SNPs was significantly associated with AD or AM. However, the absence of all nine SNPs was associated with a trend towards an enhanced risk of AM compared to AD with an OR of 8.14 (95% CI 0.8784∼ 75.4825, p=0.0649) ( Table 2) . Three SNP pairs (rs3806933, rs2289276 and rs2289277) were in high linkage disequilibrium (LD, D'=1), as were another three SNP pairs (rs11466749, rs11466750 and rs10073816). Two haplotype blocks were created based on these triads. A strong LD score (D'=0.94) was identified between the two haplotype blocks ( Supplementary   Fig. 1A ). The r 2 value is presented in (Supplementary Fig. 1B ).
To assess the influence of the two blocks between AM and AD, a case-control association test was conducted with a chi-square test. There was a trend towards a difference with the TCG haplotype of block 1 (rs3806933, rs2289276 and rs2289277), (p=0.0769; Supplementary Table 4) . We next performed the validation of haplotype block 1 (rs3806933, rs2289276 and rs2289277) and haplotype block 2 (rs11466749, rs11466750 and rs10073816) in 60 AD and 59 AM Korean populations (Supplementary Table  1 ). The blocks were separated, and two SNP pairs (rs3806933 and rs2289276) and (rs11466749 and rs11466750) were in high linkage disequilibrium (LD), respectively (D'=0.97, D'=1) (Fig. 1) . These haplotype blocks were assessed the frequency of each haplotype in AD and AM patients (Table 3 ). There was no association of the block 1 (rs3806933 and rs2289276) and the block 2 (rs11466749 and rs11466750) haplotypes between the AD and AM groups.
DISCUSSION
Some of nine detected SNPs have been correlated with susceptibility to allergic diseases in other studies. rs3806933, which is located in the promoter region, is a functional variant that enhances transcription factor activating protein (AP)-1 binding by creating a binding site 12 .
It is significantly associated with susceptibility to Korean allergic rhinitis and Japanese and Turkish asthma [15] [16] [17] . The high risk of Japanese asthma with an OR of 1.25 (95% CI 1.07∼1.47, p=0.0063) was confirmed by the increase of a minor allele (T) frequency at rs3806933 in asthma patients compared to control group, whereas the low risk of Turkish asthma with an OR of 0.53 (95% CI 0.32∼0.89, p=0.016) was observed with the increase of a major al- lele (C) frequency in asthma group 16, 17 . The frequency of a major allele (CC) genotype at rs3806933, the AA genotype at rs11466749 and GG genotype at rs10073816 were significantly higher in a Turkish asthma group. The frequency of a major allele (CC) genotype at rs3806933 was also increased in Korean allergic rhinitis with an OR of 0.66 (95% CI 0.50∼0.88, p=0.015) 15 . The opposite results were observed in different ethnic group. AM patients of our data included 19 with AD and allergic rhinitis and one with AD and asthma. The global MAF indicates that rs2289276 is a common variant located in the promoter region. It is also related to Costa Rican, Japanese, and Turkish asthma [16] [17] [18] . Rs2289276 potentially increases its transcriptional activity by altering the binding affinity of AP-2α, which is a transcription suppression factor 17 . A minor allele (T) frequency as a risk factor was elevated at rs2289276 in Chinese and Japanese asthma groups 17, 19 . In contrast, a major allele (C) frequency was significantly elevated in Turkish asthma. The CC genotype of rs2289276 is significantly associated with higher eosinophil numbers and lower forced expiratory volume (FEV1) in Turkish asthmatics 16 . In a case control study involving a Chinese Han population, the major C allele of rs2289278 was associated with reduced FEV1:forced vital capacity (FVC) 19 .
Significant differences in rs11466749 and rs10073816 frequencies between healthy children and asthmatics were observed in a Turkish study 16 . rs191607411, rs2289277, rs139817258, and rs11466750 have not been previously identified in studies related to allergy. FLG mutation disrupts skin barrier function, leading to more sensitization and greatly increasing the risk of AD 20 .
TSLP is highly expressed in the epidermal keratinocytes and plays a key role in immunological events in atopic march. Thus, the impairment of inflammatory cytokines through genetic mutation may help to prevent allergic disease. The rs2289276 and rs3806933 located in the promoter region enhance transcriptional activity 17 . However, it is difficult to conclude the risk of TSLP variants because of the opposite results in different ethnic group. We found that Korean patients without the nine TSLP variants had an 8.14 times higher risk of progressing from AD to AM. Although the OR did not reach statistical significance, there was a trend toward significant (p=0.0649). Thus, the increase of major allele frequency in each TSLP variant increase the risk of AM. We need to investigate the newly discovered rs191607411, rs2289277, rs139817258 and rs11466750 variants in Koreans. These variants are located in the 3-prime untranslated region (3' UTR) of exon 4. The 3' UTR contains regulatory regions including polyadenylation, translation, localization, and mRNA stability. They have critical functions which can influence the fate of mRNA 21 . Thus, there may be effects between mutations.
Although our study was limited by a small sample size, the grouping of nine TSLP polymorphisms detected in AD and AM Koreans tells a novel story. Two haplotype blocks were identified with high LD (D'=1). To overcome small sample size and confirm a coinherited tendency of haplotype block, additional case-control study was conducted about two candidate SNP block1 (rs3806933, rs2289276 and rs2289277) and SNP block2 (rs11466749, rs11466750 and rs10073816) in 60 AD and 59 AM Korean populations. Unexpectedly, each haplotype block 1 (rs3806933, rs2289276 and rs2289277) and haplotype block 2 (rs11466749, rs11466750 and rs10073816) of three SNP pairs became separated in two piece. However, the significant coinherited feature (D'=0.97, D'=1) was identified in each two SNP pairs (rs3806933 and rs2289276) and (rs11466749 and rs11466750). Rs3806933 and rs2289276 variants were already verified the biological functionality in vitro, respectively 17 . There was no association between AD and AM for these two SNP blocks (rs3806933 and rs2289276) and (rs11466749 and rs11466750). Thus, the genetic clues contributed to processing allergic march was not detected in haplotype association test. We need to compare control groups in future study. Table 1 ).
Whole-exome sequencing processing and alignment
Sequence reads in FASTQ format were mapped to the human assembly UCSC hg19 using the Burrows-Wheeler Aligner (BWA, v0.7.7) 1 with "mem" and seed value parameters "-k 45" to create SAM files with correct mate pair information. The read group tag included the sample name. Picard (v1.92) was then used to convert the SAM files to compressed BAM files and then to sort the BAM files by chromosome coordinate. The Genome Analysis Toolkit (v2.3.9Lite) 2 was used to locally realign the BAM files at intervals corresponding to potential insertion/deletion (indel) alignment errors. Insertions and deletions were identified with Mutect 3 and a GATK Somatic Indel Detector, respectively. Single-nucleotide variants and indels were annotated using snpEff (v3.6c) 4 to classify variants as synonymous, non-synonymous, missense, frameshift point mutations, or frameshift indels. 
